Development of tumours of the urinary tract is not necessarily caused by cyclophosphamide alone I n this issue of the Annals Knight and coworkers from Sweden report some interesting data on the incidence of urinary bladder cancer in patients with Wegener's granulomatosis (WG) which, in contrast with previous reports from single or multicentre cohorts, are derived from a population based, nationwide inpatient register. 1 The data of that study confirm the increased risk of bladder cancer in patients with WG after exposure to cyclophosphamide, but the results also indicate that there might be an increased risk for bladder cancer even before the onset of WG. 1 Within a cohort of 1065 patients with WG eight patients had a diagnosis of bladder cancer before WG was diagnosed. Although not statistically significant, the increased incidence of bladder cancer seen before the onset of WG resulted in a relative risk of 2.1 (95% confidence interval (CI) 0.6 to 3.6) compared with the expected prevalence of bladder cancer in Sweden.
These epidemiological data confirm an earlier report from our group from 1999, showing a relation of WG to tumours of the urinary tract for the first time in 1999. 2 In that study we reported a significantly higher incidence of renal cell carcinoma in a single centre cohort of 477 patients with WG, resulting in an odds ratio of 8.73 (95% CI 0.92 to 3.48; p,0.05). 2 Interestingly, five out of seven patients developed WG and renal cell carcinoma simultaneously, whereas this temporal association was not found in any of the control patients with renal cell carcinoma and rheumatoid arthritis. 2 This temporal association of the incidence of cancer and onset of WG is now confirmed by the study of Knight and coworkers. 1 In the majority of their patients WG was diagnosed a relatively short time (median 1.5 years) after the onset of bladder cancer, 1 The mechanisms responsible for this association are unknown. Hypothetically, antineutrophil cytoplasmic antibodies (ANCA) may interact with proteinase 3 (PR3), the target antigen of ANCA in WG, 5 expressed on the surface of the target organ (for example, bladder, kidney). However, studies of the presence of Wegener's autoantigen on epithelial cells have given conflicting results. Whereas King and coworkers did not detect expression of PR3 mRNA on renal epithelial cell lines, 6 Mayet and coworkers reported the presence of PR3 mRNA and protein on distal tubular epithelial cells, glomerular epithelial cells in normal kidney tissues, 7 and pneumocytes (I and II). 8 It was later shown that ANCA can induce signalling events in human renal epithelial cells by binding to PR3 expressed on the cell surface. 9 In the past year, it was demonstrated that the growth rate of tubular epithelial cells transduced with native PR3 was significantly enhanced to non-transduced epithelial cells. 10 These recent data indicating a role of PR3 for differentiation and proliferation of not only haematopoietic cells but also epithelial cells may thus provide a theoretical link between Wegener's autoantigen and the development of solid tumours. While PR3 stimulates cell proliferation of myeloid cells by cleavage of the cyclin dependent kinase inhibitor p21(waf1), 11 signalling pathways involved in PR3 induced proliferation of non-myeloid cells have not yet been studied extensively. It is unclear whether PR3 expression is restricted to cells of certain organs and whether expression is found on cells from solid tumours including bladder cancer. Data for the presence of PR3 on tumour cells are contrasting. While expression of PR3 has been detected on mammary tumour cells, 12 expression of PR3 was not found on the surface of tumour tissue from patients with WG in our previous study. 2 As in most other malignancies the generation of bladder cancer is caused by the accumulation of different molecular changes. The expression of oncogenes such as ras, erbB-2, and EGF receptor; cell cycle genes such as p15 or p16; tumour suppressor genes such as Rb or p53; and DNA-repair genes is altered mostly by chromosomal aberration or mutation. Loss of heterozygosity of chromosome 9p and 9q has been shown to be a crucial event in the transition of normal urothelium to papillary transitional cell carcinoma, whereas p53 is primarily involved in the development of carcinoma in situ.
Various carcinogens and risk factors contribute to the generation of bladder carcinomas. Not much is known about genetic bladder cancer disposition in patients with Wegener's granulomatosis. For the rare carcinosarcoma of the bladder, heterozygosity and microsatellite marker studies have recently indicated a monoclonal origin of WG and the bladder tumour, including allelic loss of chromosome 9p. 13 Owing to the increased risk of bladder cancer, a routine urological examination should be performed in patients after exposure to cyclophosphamide and especially in patients with concomitant micro-or macrohaematuria. For the early diagnosis of bladder cancer, cystoscopy and urine cytology is still the preferred method. In addition, several molecular tests which are based on urine analysis have yielded promising results and are beginning to be established in clinical diagnosis and follow up of bladder cancer. These molecular tests mostly detect certain antigens or degradation products which are highly or specifically expressed in bladder tumours, such as for instance bladder tumour antigen and nuclear matrix protein 22, or detect certain common chromosomal aberrations.
''New tests
are becoming available for the detection of bladder cancer'' Most bladder neoplasms are transitional cell carcinomas and about 80% of them are superficial tumours that do not reach the muscular layer of the bladder wall. Superficial tumours are usually treated by transurethral resection with and without adjuvant intravesical chemo-or immunotherapy, and muscle-invasive tumours normally indicate the need for radical cystectomy or radiotherapy. Most superficial tumours can be cured by transurethral resection, but 20-30% will undergo local tumour progression into muscle-invasive disease. The 5 year progression-free survival after radical cystectomy or radiotherapy in patients with muscleinvasive tumours is 50-60%. Thus, early detection of bladder malignancies is important.
HAEMORRHAGIC CYSTITIS, BLADDER CANCER, AND THE ROLE OF CYCLOPHOSPHAMIDE
Beside the risk of developing haemorrhagic cystitis associated with WG, a large body of evidence suggests that administration of cyclophosphamide is linked to an increased risk for bladder cancer in patients with WG. 4 14-16 Overall, there is a nine-to 45-fold increased risk of bladder cancer in patients treated with cyclophosphamide. [17] [18] [19] In their large cohort of patients with WG, Knight and coworkers reported a 31-fold relative risk and a cumulative risk of 3% at 10 years and 10% at 15 years after treatment with cyclophosphamide. 4 In other studies with median times of follow up varying from 7 to 20 years, cumulative incidences of bladder cancer of ,1%, 2.7%, 3%, and 5% have been reported. 14-16 20 Evidence from these studies suggests that the development of bladder cancer in patients with WG is related to both the duration of cyclophosphamide treatment and the cumulative doses used. It appears that the relative risk is increased for cumulative cyclophosphamide doses over 25 g or an exposure of more than 12 months 4 and particularly high for cumulative cyclophosphamide doses over 100 g or an exposure of more than 2.5 years. 15 The absolute number of confirmed cases of bladder cancer in the different WG cohorts is low and thus comparisons have to be made with caution. However, there is considerable evidence that the risk of bladder cancer in patients with WG is clearly linked to previous episodes of haemorrhagic cystitis, for which cyclophosphamide is also a strong risk factor. In a cohort of 145 patients with WG observed at the NIH, all seven patients with bladder cancer had at least one episode of nonglomerular haematuria. 15 In contrast, none of the 72 patients in that cohort who did not have a documented episode of non-glomerular haematuria developed bladder cancer. 15 In the study by Knight et al only one patient had an episode of haematuria leading to cystoscopy before the diagnosis of bladder cancer. 1 However, in contrast with other monocentric cohorts these patients were not systematically followed up as outpatients and thus minor intermittent episodes of haemorrhagic cystitis might have been missed. Although the design of that study was not appropriate for detecting haemorrhagic cystitis systematically, haemorrhagic cystitis should still be considered as a risk factor for bladder cancer in WG, given the strong association shown in previous studies. 15 16 20 
ROLE OF MESNA FOR UROPROTECTION IN CYCLOPHOSPHAMIDE TREATED PATIENTS
In view of the above mentioned association of bladder cancer with previous episodes of haemorrhagic cystitis, measures aimed at reducing the incidence of haemorrhagic cystitis in patients receiving cyclophosphamide may also reduce the risk for bladder cancer. After oral or intravenous administration, cyclophosphamide is first metabolised in the liver to hydroxycyclophosphamide and later by target cells to pyrophosphamide mustard and acrolein. 21 Pyrophosphamide mustard acts cytotoxically by forming a covalent linkage with nucleic acids and thus mediates the immunosuppressive effects. In contrast, acrolein is not an immunosuppressant, but is excreted by the kidney and causes toxic effects on the bladder epithelium and is thus responsible for the urothelial damage caused by cyclophosphamide. 22 In a prospective randomised study involving bone marrow transplant recipients after administration of cyclophosphamide, mesna (2-mercaptoethane sulphonate sodium) significantly reduced the incidence of haemorrhagic cystitis compared with a control group treated with forced diuresis. 23 Whether mesna is uroprotective in cyclophosphamide treated patients with WG is still a matter of debate, 24 but growing evidence suggests that mesna can in fact reduce the incidence of haemorrhagic cystitis and bladder cancer in WG.
Although the study by Knight and coworkers in this issue of the Annals makes a very important contribution to information about the prevalence of bladder cancer in WG, 1 information about the usefulness of mesna in that paper is very limited as (a) only three patients in the whole cohort had received mesna; and (b) data on intermittent episodes of haemorrhagic cystitis in that cohort from an inpatient registry are probably insufficient, as outlined above. We therefore feel that the authors' hypotheses suggesting that bladder cancer is unrelated to haemorrhagic cystitis and that mesna may not be cancer protective are premature.
''Mesna may reduce the incidence of haemorrhagic cystitis and bladder cancer in WG''
Because prospective comparative studies of mesna and placebo have demonstrated uroprotection by mesna in malignant disease, 23 but have not yet been performed in WG, estimates of the benefit of mesna in WG can only be obtained by comparison of carefully observed cohorts which either did or did not use mesna. Patients in the large cohort of patients with WG observed at the NIH did not receive mesna along with cyclophosphamide treatment. 14 15 In that cohort, 68/158 (43%) patients and, after extended follow up, 42/145 (29%) patients developed haemorrhagic cystitis due to cyclophosphamide treatment. 14 15 In contrast, in patients receiving mesna together with cyclophosphamide in the German WG cohort reported by Reinhold-Keller and coworkers, only 17/142 (12%) patients had cyclophosphamide induced cystitis. 16 Comparison of both cohorts shows a relative risk for the occurrence of haemorrhagic cystitis of 0.41 (95% CI 0.25 to 0.69) without administration of mesna compared with only 0.28 (95% CI 0.17 to 0.45) with administration of mesna. 25 The incidence of haemorrhagic cystitis in the cohort given mesna was significantly lower than the incidences reported in the two NIH studies where no mesna was administered (p = 0.00001 and p = 0.0004, respectively). 25 Furthermore, the incidence of bladder cancer was significantly lower in the mesna treated cohort (1/155 patients) than in the NIH cohort not treated with mesna (7/158 patients; p = 0.034). 25 Results of several studies have shown that the occurrence of bladder cancer increases with the duration of follow up. 1 15 For example, in the study by Knight and coworkers the incidence of bladder cancer was only 2% after 10 years, but it was 10% after 16 years of follow up. 1 Given this association between duration of follow up and the incidence of bladder cancer, the difference between the NIH cohort and the German cohort in favour of a benefit of mesna might have been even greater as the observation period in the German study was longer (2144 patient-years) than in the two NIH studies (1229 and 1331 patient-years, respectively). [14] [15] [16] Notably, further extension of the follow up period in the mesna treated German cohort from a median of 7 years by an additional 39 months did not show any new cases of bladder, 25 suggesting a protective effect of mesna.
With the exception of rarely occurring allergic reaction, which may mimic a vasculitic rash, mesna is well tolerated. 26 We therefore propose the prophylactic use of mesna for prevention of bladder toxicity in patients with WG receiving cyclophosphamide. Alternative strategies to reduce the urotoxic effect of cyclophosphamide include forced diuresis and efforts to reduce the exposure to cyclophosphamide by pulse administration or use of alternative agents like methotrexate or mycophenolate mofetil, if clinically indicated.
In summary, the epidemiological data reported by Knight et al in the present issue of the Annals confirm our previous clinical observation, showing that development of tumours of the urinary tract is not necessarily caused by cyclophosphamide alone, but appears to some extent to be related to the underlying autoimmune disease itself. In view of this, we propose a systemic investigation of patients with newly diagnosed WG in order to exclude concomitant malignant neoplasms. Further studies are needed to clarify whether PR3, Wegener's autoantigen, may be the missing link between autoimmunity and uncontrolled cell proliferation in patients with WG and malignant disease. 
